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Detailed Description
Overview of Experiment
In the 1970s at the Battelle Pacific Northwest Laboratory (PNL), a series of critical experiments using a remotely operated Split- Table Machine was performed with homogeneous mixtures of (Pu-U)O 2 -polystyrene fuels in the form of square compacts having different heights. With respect to Pu enrichments and moderation [H/(Pu+U) atomic] ratios (MR), four-different homogeneous (Pu-U)O 2 -polystyrene mixtures were considered: Mixture 1) 7.6 wt% Pu with 19.5 MR, Mixture 2) 7.89 wt% Pu with 51.8 MR, Mixture 3) 14.62 wt% Pu with 30.6 MR, and Mixture 4) 30.0 wt% Pu with 47.4 MR. The Pu 240 isotopic contents in Pu were 23 wt% for Mixture 1 and 8 wt% for Mixtures 2-4. In all mixtures, the uranium was depleted to about 0.151 wt% U 235 . The critical geometric dimensions for both fully Plexiglas TM reflected and unreflected configurations were reported for Mixture 3 and 4 experiments. The dimensions for Mixture 1 and 2 experiments were given for fully-reflected assemblies.
This evaluation contains a total of 39 critical (fully reflected and bare) experimental configurations as well as 3 slab geometry critical dimensions.
Description of Experimental Configuration
A large glove box within a heavily shielded cell located at the PNL Critical Mass Laboratory (CML) was used for the experiments. The floor surface of CML was 1067 cm square, with 152-cm-thick side walls (except for a 91-cm-thick south wall) and a 61-cm-thick roof and floor [Smolen 1994] . A remotely operated Split-Table Machine (STM) shown in Fig. 1 In Table 2 , the experimentally corrected critical dimensions of the fuel assemblies are given for Mixture 1. For this mixture, Table 3 contains the number of compacts used in the experiments with the specified length, width, and height. The heights are given in number of compacts plus a compact of smaller size. Smaller size compacts should be treated as full layers of thinner fuel compacts having a thickness equal to the fractional layer "times" the thickness indicated for the compacts. The measured (corrected) critical dimensions and masses of fuel for Mixtures 2−4 experiments are given in Tables 4−6 . In all experiments, the Plexiglas reflector had a thickness of 15 cm. 
Description of Material Data
The number densities of nuclides contained in fuel (MOX+polystyrene), clad (#471 3M tape) and reflector (methacrylate plastic or Plexiglas) are given in Table 7 for Mixtures 1−4. The 239 Pu content in Pu was 68%
for Mixture 1, and 91% for Mixtures 2−4. In Table 7 , the number density for U 235 of Mixture 4 is an order of magnitude lower than what was given in [Bierman 1973 ]. The reason for this is explained in Section 2 (Evaluation of Experimental Data). For Mixture 1, the cladding material per compact was 3.175 g and the cladding density was 1.12 g/cm 3 . Uranium density per compact was 0.779± 0.006 g/cm 3 , the plutonium density was 0.064± 0.001 g/cm 3 and the total fuel density was 1.884± 0.015 g/cm 3 . For Mixtures 2-4, the cladding properties were not given because of the reported critical dimensions that account for the reactivity effect of the cladding and stacking void. The measured critical masses of plutonium and uranium are given in Tables 4−6. Particle size distributions which indicate the homogeneity are presented in Table 8 for Mixtures 1−4.
Supplemental Experimental Measurements
Inverse multiplication measurements to determine the critical dimensions were performed for both unreflected and fully Plexiglas-reflected configurations for Mixtures 3 and 4. Measurements for Mixtures 1 and 2 were only considered for fully reflected assemblies because of the large volume requirement for unreflected assemblies.
For Mixtures 2−4, critical dimensions in length, width, and experimentally corrected heights were reported. Also, experimentally corrected critical masses of solid fuel assemblies were presented. The corrections on the critical dimensions and masses were made to account for the reactivity effect of cladding and the presence of voids in the assembly of stacked compacts. These corrections were obtained by observing the change in critical mass due to varying the number of layers of cladding on the fuel compacts. For Mixture 1, the experimental assemblies were provided both in terms of fuel compacts and corrected critical dimensions of fuel only. For bare assemblies, an additional correction was also made to account for the reactivity effect of the structural material. The correction was an increase of 0.05% in the critical mass of each bare assembly.
Buckling measurements were performed for six bare critical assemblies. The extrapolation distances of 2.56 cm for Mixture 4 and 2.49 cm for Mixture 3 were calculated. The critical buckling values together with critical dimensions are shown in Table 9 for Mixtures 3 and 4. 
Evaluation of Experimental Data
Material densities for fuel compacts (Mixtures 1−4) were documented in detail. However, the MR for Mixture 4 is not 47.4. Also, the U 235 enrichment in U does not correspond to the reported 0.151 wt%. The number density for U 235 given in [Bierman 1973 ] is an order of magnitude high. The corrected number density of 1.008↔10 -6 is used in Table 7 , rather than 1.008↔10 -5 . With this correction, the MR becomes 47.35 which is in agreement with the reported 47.4. Also, the enrichment of U 235 becomes about 0.151 wt%. The rest of the material densities were correctly presented.
The geometric units of compacts were given in inches in [Bierman 1973 ], but the SI units were used in presenting the critical dimensions. In this evaluation, we use the SI units to be consistent with the critical dimensions.
Although the geometric (fuel-clad-void) compact data for Mixture 1 is well presented, this is not the case for Mixtures 2−4. Cladding compositions for Mixtures 2−4 compacts were not given although it is defined by #471 3M tape. The #471 3M tape composition [Bierman 1996 ] is the same as the Mixture 1 compacts. The stacking void per compact was not provided for these mixture experiments. Instead, the critical sizes and masses were given for solid assemblies of fuel only. Experimentally determined corrections were applied in each case to account for the reactivity effect of the cladding material and the presence of voids in the assembly of the stacked blocks.
The experimentally corrected dimensions of solid fuels were determined graphically. In these graphs, the critical height was plotted as a function of layers of cladding material. Using the data points in these plots, the critical height was extrapolated to zero cladding to determine the critical height of solid fuels only. These plots indicate that for Mixture 4 experiments, there were 3 data points (1, 2, and 3 layers of clad). However, for Mixtures 1−3, there were 2 data points in the reported figures (1 and 2 layers of clad). The fitted curve for Mixture 4 appears to be linear.
For bare assemblies, it is reported that there was only 0.05% increase in critical masses due to structural supports, but the descriptions of these were not given. Also, the exact location of the split table machine (STM) in the heavily shielded cell was not described. In addition, the critical dimensions were determined for slab by extrapolation of data and cube by interpolation between critical assemblies. For Mixtures 2−4, the experimentally corrected dimensions of solid fuels were given. However, for Mixture 1, the critical dimensions were provided both in terms of number of compacts and the experimentally corrected dimensions of solid assemblies of fuel only. Thus, for Mixture 1:
(a) the corrected dimensions in Table 2 can be calculated from those in Table 3 , and (b) if the k eff of the experiments both in terms of number of compacts and the experimentally corrected dimensions are within the statistical uncertainty, then the corrected dimensions can directly be used for simplifying the computational modeling.
To check "a", the corrected dimensions in Table 2 are calculated using Table 3 dimensions. (The length and the width dimensions of compacts agree each other as seen in Tables 2 and 3 .) The corrected critical height given in Table 2 is a 12.7% reduction (accounting for the reactivity effect of the clad and the stacking voids) of the critical height given in Table 3 . To verify this, for example, the total fuel height of Case 1 in Table 3 is 6↔5.088+3↔1.279 + (5.12/5.088) 2 ↔1.279↔0.434 = 34.927 cm. Considering a 12.7% experimental reduction, the critical height is (1.0-0.127)↔34.927 = 30.491 cm, which agrees with the Case 1 dimension of 30.49 cm given in Table 2 . Also, all the other dimensions in Tables 2 and 3 agree each other in this manner.
To verify "b", MCNP calculations were performed. Polyethylene (poly.01t) thermal cross sections both in Fuel and Plexiglas was used. The calculated k eff are 0.98210 ± 0.00154 for the Case 1 of Table 2 and 0.98264 ± 0.00094 for the Case 1 of Table 3 . Also, the calculated k eff are 0.98635 ± 0.00125 for the Case 2 of Table 2 , and 0.98634 ± 0.00139 for the Case 2 of Table 3 . Thus, k effs agree each other within the statistical uncertainty. This suggests that the experimentally corrected critical dimensions can directly be used in modeling the experiments. The input listings for these cases are given in Section 6. (Sample MCNP Input Listings.)
Benchmark Specifications
Description of Model
In the benchmark models, experimentally corrected solid fuel critical dimensions accounting for the reactivity effect of the cladding and the stacking voids are considered in calculating k effs . Plexiglas surrounding the assemblies is used as reflector.
Dimensions
The corrected critical dimensions given in Tables 2, 4 , 5, and 6 are used for Mixtures 1-4 experiments, respectively. In all assemblies, a 15-cm-thick Plexiglas reflector is used.
Material Data
The number densities of Mixtures 1−4 are given in Table 7 .
Temperature Data
Because temperature data was not reported, a room temperature of 300K is assumed.
Results of Sample Calculations
The sample k eff calculations were performed using the MCNP4A continuous cross section library based on the ENDF/B-VI data. Polyethylene thermal cross sections (poly.01t card) are used for both fuel mixtures and Plexiglas. In the calculations, 4000 particle histories, 100 active and 25 skipped generations were used. However, additional particle histories were made if k eff had not attained a constant level after 400000 active particle histories. In Table 10 , the calculated k eff are listed for the critical dimensions given in Tables 2,  and Tables 2, 4 , 5, and 6 Case Table 2  Table 4  Table 5 
